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INTRODUCTION 
Improvement of animals through breeding depends pri­
marily upon selection. Accuracy of selection there­
fore is of utmost importance. Testing represents an 
effort to increase accuracy in selecting for traits 
that can be measured by testing procedures (W. A. 
Craft, 1960). 
Testing boars bred by many breeders in a central loca­
tion was the object of the above comments by Craft. The 
National Swine Improvement Federation (NSIF) lists in its 
handbook (NSIF, 1976) the following purposes of central 
test stations: 
1. For comparing the individual performance of 
potential seedstock boars with performance of similar animals 
from other herds for rate of gain, feed conversion, backfat 
and estimates of muscle; and 
2. As an educational tool to acquaint breeders with 
performance records. 
In light of the above objectives and the Graft quota­
tion, it seems only appropriate that animal breeders should 
work closely with central station testing and evaluation 
procedures so that the animals truly superior genetically 
can be identified. The differences between animals must 
be accurately evaluated. 
The purpose of this thesis was to compare procedures 
which might allow more accurate evaluations among centrally 
2 
tested boars for average daily gain (ADG) and average backfat 
(ABF) . 
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LITERATURE REVIEW 
Factors Affecting Performance 
The performance of an animal is affected by various 
factors. The major concerns and the extent of these effects 
as found by other researchers follows. 
Pre-weaning effects 
Cox and Willham (1962), studying records on almost 
200 Durocs and Hampshire crossfostered pigs, found post­
natal influences controlled over 20% of the variation in 
body weights at 21, 42 and 98 days of age. These influences 
reached a maximum of 26% at 42 days when the pigs were weaned. 
At 154 days of age, however, postnatal influences controlled 
only 5% of the variation. Genetic differences represented 
6% of the total variation for weight at 21 days, and reached 
a high of 13% at 154 days. 
Skjervold and Standal (1964) mixed litters such that 
half of the pigs a sow nursed were her own and half were born 
to another sow and crossfostered to her. All 64 pigs in the 
study were offered creep feed at 21 days of age. Half of 
the litters were then weaned at 35 days of age and half at 
56 days. When tested from an average initial weight of 20 
kilograms to a final weight of 90 kilograms, the early 
weaned pigs gained faster. There were no detectable dif­
ferences for ABF. 
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Work by Fahmy and Bernard (1970) involving 780 York­
shires showed the effect of dam was a highly significant 
factor affecting preweaning ADG, but nonsignificant for 
postweaning ADG from 56 to 140 days of age. A cross-
fostering design was used by Alschwede and Robison (1971) 
on 492 Durocs and Yorkshires. They found that prenatal, or 
genetic, effects were more important than postnatal effects 
after pigs were six to eight weeks of age. These were more 
pronounced for ABF than for ADG. 
Webb and King (1979) tested pigs from 107 litters 
weaned at either three, five or eight weeks of age from 
27 kg to 58 kg under central test conditions. Creep rations 
fed also varied with weaning age groups. The earlier a pig 
was weaned, the higher the protein and digestible energy 
levels it was fed. They found early-weaned pigs gained 
faster during the test period, but backfat was unaffected. 
Kuhlers e;t a^. (1977a) found little evidence for addi­
tive maternal or additive grandmaternal variance in gains 
from 0-3, 3-8 and 16-20 weeks of age in a study involving 
1,904 Yorkshires, Polands and crosses of those two breeds. 
But gains from 8-12 and 12-16 weeks did appear to be af­
fected by additive maternal variance, while additive grand­
maternal variance was not a factor. 
A study at the Ohio Swine Evaluation Station (Bruner 
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and Swiger, 1968) involving over 2,500 barrows revealed that 
age of dam was not a significant factor affecting ADG or 
ABF. Lindvall (1970) studied pigs born to first through 
twelfth parity sows. included were 1,028 Duroc and 1,098 
Hampshire litters, weaned at 42 days of age. Parity was 
a factor (p<.01) in Duroc ADG from 42-98 days, as well as 
from 98-154 days (p<.05). It was not, however, important 
in ADG from 42-154 days of age. Parity was not an important 
factor in Hampshire ADG values. While ABF in the Durocs was 
not affected by parity, parity was a factor in Hampshire 
ABF, with fatter pigs coming from younger dams. 
Research by Standal (1973b) on 3,667 boars from 1,099 
litters revealed parity effects to be highly significant 
for ADG and significant for ABF. Pigs from older sows 
gained faster, but were fatter. Vangen (1974) found 
parity to exert a highly significant influence on gain 
from weaning to slaughter on 5,627 pigs. 
Farm effects ^ 
Sutherland (1958) failed to detect significant farm 
differences for ADG or ABF. He used 372 boars from the 
first three testing seasons at the Ames, Iowa, station. 
Brinks (1960) utilized 538 barrows from six tests at the 
Ames, Iowa, station and found farm effects to be important 
for ADG. However, his model did not allow for separation of 
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farm and sire effects. Cox and Smith (1968) found farm dif­
ferences to be large and mainly environmental when evalu­
ating progeny from 240 sets of two unrelated sires purchased 
from the same farm. They concluded that this could be due 
to pre-test effects and methods of managing and selecting 
pigs. They noted that Jonsson (1965) found farm environ­
ment accounted for 8% of the variation in ADG and 2% of 
the ABF variation in Danish progeny testing stations. 
Cox (1959) using records on 1,226 centrally tested 
boars from the Ames station found ADG to be little in­
fluenced by the average pre-test farm environment. ABF, 
however, was strongly influenced by farm differences. Cox 
also noted that the emphasis for leaner pigs was relatively 
recent at that time. Thus, selection practices probably 
vary among farms. Farms accounted for 10% of the ABF 
variation. A study conducted by Quijandria a^. (1970), 
involving 1,632 barrows and gilts, found farm effects to be 
highly significant for ADG and ABF. Again, however, sire 
and farm effects were not separated. 
Within litter selection 
Within litter selection is important if a sire and 
dam are evaluated on the performance of only a few pigs 
in the litter rather than the entire litter and if testing 
performance can be accurately projected before the pig goes 
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on test. Testing only the better performing pigs from a 
litter will certainly produce higher estimates of the sire and 
dam breeding values than will testing all or only the average 
or poorer performers. And, if testing performance can be 
projected from visual appraisal at an early stage of the 
animal's life, then the breeders best able to make this 
projection would have the best performing pigs on test even 
if there were no genetic differences between breeders' 
herds. Thus, sires and dams producing progeny with equal 
genetic values may not rank equally if the best progeny are 
chosen from some litters while progeny from other litters 
are chosen somewhat randomly due to differences in breeders' 
abilities to project testing performance. Similarly, in­
cluding information on relatives of a tested boar may 
artificially raise or lower his breeding value estimate if 
the relatives included are not a random sample. 
In Cox's work (1959), one person judged 162 pigs 
entered in one season. The pigs were evaluated either 
upon entering the station or within ten days thereafter, 
using a scale ranging from 4 to 12 indicating slow to fast 
gainers, and with their off-test probe predicted in inches. 
The correlation of predicted ADG with actual ADG was .15. 
For probe, the predicted value was correlated with actual 
by ,39, The overall correlations were essentially equal to 
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the correlations within breed and within pen. Cox noted 
that while the judge had considerable training in livestock 
judging, breeders have an extra advantage by being able to 
use information on relatives and past performance. 
Season 
Brinks (1960) found no difference between winter and 
summer tests for ADG or ABF on 538 centrally tested barrows. 
However, season was a highly significant factor for these two 
traits in an analysis by Quijandria et al^. (1970). Spring 
pigs grew faster than fall-tested pigs, while fall-tested 
pigs had less backfat. Bruner and Swiger (1968) discovered 
season to be a factor for ABF (p<.05), but not for ADG. 
Spring pigs were found to be fatter. They noted, however, 
some confounding existed between season and breeders as 
certain breeders entered pigs only in the spring test, while 
others entered pigs in both seasons. To keep the testing 
facilities filled in the fall test, the fewer breeders 
involved entered more pigs each. A study by Drewry (1979) 
showed season effects to be highly significant factors for 
ADG, but not important for ABF. Fall-tested boars grew 
faster. 
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Weight 
The weight at which traits are measured from, to, or 
at, can alter the performance value of an animal. ADG was 
affected (p<.01) by initial weight in studies by Drewry 
(1979), Lindvall (1970), Quijandria et al. (1970), Bruner 
and Swiger (1968), Vangen (1974), Kuhlers et al. (1977b) 
and Neville et (1976). Those studies listing the 
regression coefficients reported ADG increased as initial 
weight increased. Vangen (1974) also regressed ADG on final 
test weight and its square and found both to be highly sig­
nificant. ADG increased as weight increased. 
The regression of ABF initial weight was found sig­
nificant (p<.01) by Drewry (1979). However, Bruner and 
Swiger (1968), and Neville et (1976) found initial 
weight not to be a significant factor in ABF. Final test 
weight, taken at approximately the same time as the ABF 
measurement, was a significant factor in backfat measure­
ment, according to Lindvall (1970), Neely (1979) and Kuhlers 
et (1977b). According to Robison (1977), Pederson (1973) 
found backfat to be linearly deposited as did Quijandria 
and Robison (1971) and Standal (1973a). As weight increased, 
so did ABF. 
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Prediction using mixed models 
Henderson (1973) described the general linear model 
as 
y = X0 + Zu + e (1) 
where y is the observation vector, X and Z are incidence 
matrices of the fixed and random effects, respectively, 3 
is an unknown fixed vector, and u and e are nonobservable 
random vector variables. 
Assumptions for (1) are: 
(2)  
and 
/ A  /ZGZ' + R ZG Var u = I 95 ' G 0 
U/ \ R 0 R \~/ \ ~ / 
(3) 
where G and R are known and nonsingular. In most animal 
breeding applications, R is an identity matrix times a 
scalar, while G is often an identity matrix times a 
(Henderson, 1973). The estimates of the fixed effects ( I )  
are best linear unbiased estimates (BLUE), while the random 
effect solutions (u) are best linear unbiased predictors 
(BLUP). 
Henderson (1975b) further partitioned (1) as 
y = X3 + Z,a + Z^p + e 
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where X and e are as in (1> , Zj^ and Zg are partitioned 
members of Z and a and p are random effects for sets of 
sires. 
This has been referred to as the intraherd prediction 
model. Using this model, Henderson (1975b) also illustrated 
the elimination of culling bias when selection was within 
fixed effects. Willham and Leighton (1978) have shown this 
in matrix notation as 
X'X 
Z^X 
Z^X 
X'Zi 
A^Z + 
X/Zg 
Z'Z, + 
•N# «X* 6 
Z'Z, + A^^k Z'Z_ + A^^k di *** mL «Sf m.* 6 -V 
X'Y 
Hi — Z£Y (4) 
^2 Z^Y 
where k = and A^^ is an inverse relationship matrix 
among animals in Zj^j. 
The matrices u^^ and Ug are sets of random effects such 
as animals rxo longer in the herd being in u^, with animals 
still in the herd being in Ug? or different groups of 
relatives, such as grandsire and dam effects being in u^ 
with sires and progeny effects being in Ug. 
The addition of A ^ to the equation ties together 
records on related individuals, many of which performed 
in different subgroups. The ties thus created serve two 
main purposes. First, additional information on the indi­
vidual is obtained by properly weighting performances of 
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animals that have a portion of their genes the same 
as the individual being evaluated. Thus, the accuracy ; 
of prediction is increased as more information is used. 
Secondly, genetic differences between subgroups is more 
closely accounted for. Without relationship ties between 
animals, each animal is evaluated relative only to its sub­
group. If all subgroups are not equal genetically, how­
ever, the estimates of animals in high genetic groups are 
biased downward, while those in low genetic groups are 
biased upward. Tying subgroups together through genetic 
relationships more closely evaluates animals by adjusting 
for their subgroup. If selection is occurring, differences 
in generations being tested can cause subgroup genetic 
levels to be unequal, as can unequal distribution of genetic 
levels between stations within generations. As the swine 
industry has a relatively short generation interval and 
selection practices would appear to vary between breeders, 
plus some breeders test only in one station, there is a 
good chance that genetic levels are not equal between 
stations. 
Equations (4) have been shown by Henderson (1963) to 
also have selection index properties under the condition 
that the correct model is used. Thus, the u^ solutions are 
correctly weighted for information on relatives of the i^^ 
individual. As with (1), these equations predict u^ solutions 
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with minimum error variance given that the assumed model is 
correct. 
Henderson (1975a,b) defined the best evaluation procedure 
to be that which is unbiased and has the smallest possible 
prediction error variance. The prediction error variance 
can be obtained from the coefficient matrix inverse by 
calculating x a^e, where is the inverse element 
related to animal i (Henderson, 1973). However, when solu­
tions are obtained through iteration, approximate prediction 
error variances are normally obtained by calculating 
1 2 (p—)a e, where C.. is the diagonal element for animal i 
c-ii XX 
before iteration. Ufford et (1979) using dairy data, 
derived using regression techniques for prediction error 
2 
variances from iterated solutions as [-.0014 + 1.08/C\^)]o e. 
He also stated that absorption of some sires no longer in 
service may account for the intercept not being equal to 
zero and for the regression coefficient not being equal to 
one. 
Henderson (1975a,b) demonstrated that when certain fixed 
effects are deleted from a model, the variance of the error 
of prediction is equal to or less than that of a model in 
which the fixed effect is included. However, the predictors 
are also biased. The amount of bias can be determined if 
, the true value of the i^^ fixed effect ignored, is known. 
As Henderson C1975a) pointed out, however, 3^^ is rarely, if 
14 
ever, known. 
Kennedy and Moxley (1975) found including relationships 
reduced the average prediction error variance by 18% com­
pared to a model which used grouping. Pollak et a2. (1977) 
discovered the variance of prediction errors increased 
from 3.5% to 22.2% when genetic relationships were ignored. 
Values for younger sires increased more. Average increases 
in error variances of prediction increased by almost 12% 
when genetic relationships were ignored. These results 
indicate that using of relationships will reduce prediction 
error variance in differing amounts depending on the model 
and the existing relationships. 
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MATERIALS AND METHODS 
Data Source 
Records were collected on 9,884 boars, centrally tested 
at the Iowa test stations at Ames, Ida Grove, Lisbon and 
New Hampton, Iowa, as well as the Clarkson, Nebraska 
station. The records were on all boars tested beginning with 
the fall, 1973 test through the spring, 1978 test at each 
station. Data were not collected on the Lisbon, Fall, 1974 
test nor the Clarkson, Spring, 1974 test since health prob­
lems forced cancellation of those two test groups. Thus 48 
station-year-season test subgroups were included. 
Those records which did not include an on^test or 
off-test weight and/or backfat measurement were rejected. 
Also, records on crossbred boars were deleted due to their 
low number. This reduced the number of useable records to 
3,033. The eight breeds of Berkshire, Chester miite, Duroc, 
Hampshire, Landrace, Poland China, Spotted and Yorkshire 
were represented as shown in Table 1. The breakdown of 
these records into stations is shown in Table 2, 
Ancestry Information 
The registry number of the sire and dam of each tested 
pig was recorded from the testing station's records. The 
litter number was recorded for pigs without complete parental 
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Table 1. Data summary for each breed 
Breed 
( 
Number Percentage 
of of 
observations total 
Number Number 
of of 
sires pens 
Number 
of 
dams 
Berkshire 175 1.9 29 63 119 
Chester White 493 5.4 127 183 297 
Duroc 3,179 35.0 508 1,053 1,954 
Hampshire 1,909 21.0 375 650 1,179 
Landrace 168 1.8 35 58 90 
Poland China 180 2.0 47 63 110 
Spotted 1,196 13.2 227 410 732 
Yorkshire 1,793 19.7 310 597 943 
TOTAL 9,093 100.0 1,658 3,077 5,424 
Table 2. Data summary by station 
Station Number of 
observations 
Percentage 
of total 
Ames, Iowa 3,433 37.8 
Clarkson, Nebraska 1,069 11.8 
Ida Grove, Iowa 1,285 14.1 
Lisbon, Iowa 1,392 15.3 
New Hampton, Iowa 1,914 21.0 
TOTAL 9,093 100.0 
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registry information. The registry or litter numbers were 
then sent to the respective registry association to obtain 
registration numbers on the paternal and maternal grand-
sires of each pig. The number of pigs lacking sire, 
paternal grandsire, dam and maternal grandsire information, 
plus the percentage of pigs lacking this information is 
listed in Table 3. 
Across all breeds, sires could not be traced on 2.3% 
of the tested boars, paternal grandsires on 4.1%, dams on 
11.6% and maternal grandsires on 19.1%. While ideally no 
information would be lacking, there are several reasons 
for the incomplete records. As stated earlier, the litter 
number was recorded when sire and/or dam registration 
numbers were not available. If neither the tested boar nor 
any of his littermates were ever registered, the breed 
association had no information on the litter, and thus 
ancestral registration numbers could not be obtained. In 
Other cases, a registration number attributed to a sire 
turned out to be the number for a female, and vice versa. 
Some numbers could not be found in the registry associations' 
files. No attempt was made to contact breeders as to 
registry numbers due to expense, expected poor feedback and 
the dispersion of several of the herds which would have been 
involved. 
Table 3. Number of boars missing ancestral information 
Number % Number • - . ^ Missing Number % No. missing % Missing 
missing iMissing missing paternal missing- Missing maternal maternal 
Breed sire sire paternal grandsire * ' dam dam grandsire grandsire 
identi- identi- grandsire .13. . idehtiirrr'^fdenti- identi- identi- identi-
fication fication identificatîéaa figatiQn.n-fieation fication fication fication 
Berkshire 0 
Chester White 10 
Duroc 32 
Hampshire 49 
Landrace 6 
Poland China 3 
Spotted 23 
Yorkshire 89 
0 .0  
2 .0  
1.0 
2 .6  
3.6 
1.7 
1.9 
5.0 
0 
10 
57 
96 
45 
3 
38 
.120 
0.0  
2 .0  
1.8 
5.0 
26.8 
1.7 
3.2 
6.7 
9 
45 
253 
295 
9 
19 
148 
288 
5.1 
9.1 
8.0 
15.5 
5.4 
10.6 
12.4 
16.1 
9 
61 
324 
398 
57 
19 
584 
298 
5.1 
12.4 
10.2 
20.8 
33.9 
10.6 
48.8 
16.6 
TOTAL 212 2.3 369 4.1 1,066 11.7 1,750 19.2 
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Methods of Analysis 
Adjustments for weight 
To evaluate the effects of on-test and off-test weight 
on ADG and probing weight on ABP, covariate analyses were 
conducted on both traits to determine what values should be 
used to correct for weight differences. The covariates in­
cluded in the ADG analyses were : on-test weight, off-test 
weight, mid-test weight (which is the average of on- and 
off-test weight), and on-test, mid-test and off-test 
deviations of an individual's particular weight from his 
test pen average. Weight at the time of probing was the 
only covariate examined for ABF. The meains of these co­
variates, their standard errors and their ranges are shown 
in Table 4. 
The basic model used for the covariate analyses was : 
Yij = y + + bu^(x^j-x) + e^j 
where : 
y = overall mean 
= effect due to i^^ dam 
b,(Xi.-X) = linear regression on Y of the deviation of 
^ a particular weight of the pig from the 
ith dam from the mean of that weight 
e = random error associated with the animal of the 
ith dam, and 
Table 4. Means, minimum and maximum values of covariates 
j, a Minimum Maximum 
Covariate . . value value 
(Kg) (Kg) 
On-test weight 32 .376 + .046 17 .273 56 .818 
Mid-test weight 67 .715 + .054 48 .636 90 .682 
Off-test weight 102 .1553 + .075 75 .455 135 .000 
On-test weight deviation .267 + .030 -12 .909 15 .455 
Mid-test weight deviation .î)47 + .044 -16 .439 25 .284 
Off'-test weight deviation .«26 + .064 -22 .500 36 .023 
Probe weight 101 .357 + .065 75 .455 133 .636 
^Mean + standard error. 
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Y.. = observed value for a particular trait on the j 
^ animal from the i^^. dam. 
th 
The dam component was absorbed, taking with it the breed, 
station-year-season, sire and pen effects in which dams 
were nested. Both linear and quadratic terms were examined 
for the weight being tested. The need for separate slopes 
for each breed, station, year and season involved were 
examined by fitting separate slopes and tested using the 
difference in the reduction of the error sums of squares 
over the model with a single slope across groups. These 
analyses were conducted using the Statistical Analysis 
System (SAS). 
pen effects 
The importance of pens was evaluated using the following 
three models : 
where 
y = overall mean, 
SSY = station-season-year, 
S = sire, 
P = pen. 
^ijkl - SSY^ jk + + ®ijkl 
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D = random effects of dam, 
b,(w-w) = regression of y on the weight of the boar 
from the average weight, 
e = random error, and 
y = observation. 
Separate analyses were donducted for each breed with 
the LSML76 program using procedures outlined by Harvey 
2 (1975). Model (5) gives an unbiased estimate of , model 
2 (6) gives an unbiased estimate of , while model (7) 
2 2 gives estimates of and if pens are ignored. Thus, 
the effects of ignoring pens can be evaluated relative to 
2 2 their effect on the estimates of and . 
Prediction analyses 
After correcting the data for those weight factors 
found significant, the performance records of the boars 
were ranked separately for ADG and ABF on each of four pro­
cedures : 
1. Performance of the animal without adjustment for 
its subclass (PV). 
2. Deviation of the animals' performance from their 
station-season-year subclass averages across all breeds 
(SSYDl. 
3. Mixed model within herd breeding values, ignoring 
relationships between animals (MM). 
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4. Mixed model within herd breeding values where rela­
tionships between animals was included in the model (MMR). 
Using the guideline offered by Henderson (1975a), the 
four procedures were compared based on their prediction 
error variance. 
For the PV procedure, the boars are ranked on X, their 
performance value. The variance of this value is simply 
the variance of X across all breeds and station-season-
years. In the SSYD procedure, the value of a boar is X-X, 
where X is the station-season-year subclass mean. The 
mean of X-X is zero and the variance of this estimate is : 
V(X-X) = V(X) + V(X) - (2) Cov(X,X) 
= v(x) + ^ v(x) - (2) (i)v(x) 
= V(X) - ^ V(X) 
= [1 " [V(X)] 
=  ( 8 )  
within station-season-year, and n is the number of pigs across 
breed in the station-season-year. 
For procedures MM and MMR, the prediction error vari-
1 2 
ance is approximated by (p;—) (a^ ), where C.. is the diagonal 
ii 
element for the particular animal if iterated solutions are 
obtained, or is where is the inverse element 
corresponding to a particular animal when solutions are 
24 
obtained through a direct inverse. 
This appears in matrix notation as 
X'X X'Z 6 X'Y 
Z'X Z'Z + Ik u Z'Y 
— ~ — 1. 
where k = and I is an identity matrix. $ refers to the 
V 
mean and station-season-year effects, while u refers to pig 
solutions. 
Procedure MMR is the same as procedure MM with the addi­
tion of a relationship matrix. Thus, these equations appear 
as in Equation (4). 
îhe and A^^ matrices were first formed 
using procedures outlined by Quass (1976). This procedure 
creates the inverse of the relationship matrix directly for 
all individuals involved in establishing relationships. 
Maternal and paternal grandsires, sire and dam of the tested 
boars were used to establish the relationship matrices. 
Since breeding values were not desired for the maternal 
or paternal grandsires, nor for the dams, the original re­
lationship matrix was reduced in size by absorbing the 
grandsire and dam equations into the sire and pig equations. 
As an example, consider the relationship matrix 
25 
animal 1 
1 
2 
1 
2 
1 
4 
(10) 
where animal 1 sires animals 2 and 3 with 2 and 3 being 
half-sibs. 
1 
(11) 
and with inverse equal to 
5 
3 
2 
"3 
2 
"3 
2 
*3 
4 
3 (12) 
If, however, we desire a relationship inverse only for 
animals 2 and 3, their portion of the relationship matrix 
and its inverse are: 
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1 4 
16 
I? 
4 
15 
(13) 
1 
4 1 
4 
15 
ii 
15 
Simply deleting the rows and columns of animal 1 in the total 
relationship inverse, though, does not give the same result. 
4 16 4 
3 ° IF "Î5- (14) 
n 4 4 16 
° I JÎ5 IF 
Thus, the relationship inverse segments corresponding to 1 
must be absorbed into those of animals 2 and 3. This result, 
using absorption of a partitioned matrix as outlined by 
Searle (1966) is 
(15) 
15 
-4 
\15 
the correct relationship inverse for animals 2 and 3 
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The matrix after absorption contained only the relation­
ships between tested boars and their sires. 
The resulting A ^  matrix was then partitioned as in (5) 
with the elements relating to sires and relating to 
their tested progeny. Since individual production information 
was not available on the sires of the tested boars, the 
^2' %2^1 matrices and vector are null. 
The k-values applied from Equation 4 were 2.33 for ADG 
and 1.00 for ABP. Henderson <1975a,b) showed that the k-
value for a given trait is equal to the inverse of the 
heritability of the trait, minus one. NSIF (1976) places 
the heritability of ADG at .30. Thus, 
k^G = TIo " I'OG = 3.33 - 1.00 = 2.33. (13) 
The heritability of ABF according to NSIF (1976) is 
.50. So the 
^ABF " 750 " I'OO = 2.00 - 1.00 = 1.00. (17) 
As heritabilities of these traits were considered equal 
across breeds, k-values for ADG and ABF, respectively, were 
the same across breeds. 
One of the main points of interest in comparing PV, 
SSYD, MM and MMR lies in the addition of the relationship 
matrix. It was decided to evaluate one of the four smaller 
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breeds with the most relationships and one with the fewest, 
as well as the breed with the most relationships. .This 
would show whether including a relationship matrix gives 
substantially more accurate predictions for breeds with dif­
ferent relationship numbers, as well as an idea of how much 
is gained for breeds with substantially different numbers 
of observations. The and factors were obtained by 
iteration and inversion procedures, respectively, for the 
smaller breeds and by iteration only for the larger breed 
chosen. The iteration program utilized the Gauss-Seidel 
procedure and was obtained from Dr. P. J. Berger of the 
Iowa State University Animal Science Department. Matrix 
inverses were obtained using the DJNVHP inversion subroutine 
also obtained from Dr. Berger. 
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RESULTS AND DISCUSSION 
Covariate Analyses 
Linear regressions of ADG on the on-test, off-test and 
mid-test weights of each pig and deviations of each of those 
individual weights from the average for that weight of the 
pen which included the pig were analyzed separately. All 
were highly significant factors. The regression coefficients 
and R-square values of the within dam sum of squares for 
each analysis are shown in Table 5. Following the forward 
step-wise procedure outlined by Draper and Smith (1966), 
off-test weight was chosen as the first factor as it pro­
duced the largest R-square value. Homogeneity of regression 
across breeds, stations, seasons and years was also tested. 
Separate breed (p<.01) and station (p<.05) adjustments 
for off-test weight appeared necessary (Tables 6 and 7). 
Tests for the appropriateness of separate off-test weight 
adjustments for each season and for each year were non­
significant (Tables 8 and 9). Results from a model in­
volving both separate breed and station weight linear terms 
(Table 10) showed a drastic change in the station weight 
regression coefficients with several of the standard errors 
equal to or larger than the coefficients. No such change 
was noted in the breed weight regression coefficients. Thus, 
separate station adjustments were deleted and separate breed 
Table 5. Initial regression analysis of average daily gain on six separate 
covariates* 
Regression . 
Covariate coefficient, P-value R-square 
Kg gain/day 
Kg of weight 
On-teSt weight .00605 + .00036 280. 38** .0705 
Mid-test weight .01166 + .00017 4 ,758. 55** .5627 
Off-test weight .00938 + .00008 14 ,354. 71** .7952 
On-test weight deviation .00605 + .00036 280. 26** .0705 
Mid-test weight deviation .01167 + .00017 4 ,756. 72** .5627 
Off-test weight deviation .00938 + .00008 14 ,354. 35** .7952 
^Degrees of freedom for F-test were 1 and 3,697. 
Id 
Regression coefficient + standard error. 
"^R-square value of within dam sum of squares. 
** 
Indicates signifiance (p<.01). 
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Table 6. Analysis of separate off-test weight regressions 
for each breeds,b 
Breed 
Regressions 
coefficient. 
Kg of gain/ 
Berkshire .00813 + .00056 
Chester White .00897 + .00038 
Duroc .00931 + .00013 
Hampshire .00889 + .00016 
Landrace .00890 + .00051 
Poland China .00921 + .00058 
Spotted .00967 + .00025 
Yorkshire .01003 + .00016 
F-value was 4.91 with 7 and 3,690 degrees of freedom; 
icant at p<.01 level. 
R-square value was .7971. 
signif ,
b 
c 
'Regression coefficient + standard error, 
xaoie / 
Station 
Analysis of separate off-test weight regressions 
for each station^/b 
Regression coefficient^ 
(Kg of gain/day/Kg of weight) 
Ames, Iowa .00945 + .00014 
Clarkson, Nebraska .00893 + .00022 
Ida Grove, Iowa .00962 + .00020 
Lisbon, Iowa .00969 + .00018 
New Hampton, Iowa .00907 + .00017 
F-value was 3.06 with 4 and 3,693 degrees of freedom; 
significant at p<.05 level. 
^R-square value was .7959. 
^Regression coefficient + standard error. 
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Table 8. Analysis of separate off-test weight regressions 
for each season® 
Qaaamn Rcgression coefficient^ 
(Kg of gain/day/Kg of weight) 
Spring .00949 + .00011 
Fall .00925 + .00011 
^F-value was 2.29 with 1 and 3,696 degrees of freedom; 
nonsignificant. 
^R-square value was .7953. 
Table 9. Analysis of separate off-test weight regressions 
for each yearfyb 
Yegr^ Regression coefficientd 
(Kg of gain/day/Kg of weight) 
1 .00915 + .00017 
2 .00906 + .00018 
3 .00955 -r .00018 
4 .00965 + .00018 
5 .00949 + .00017 
^F-value was 2.12 with 4 and 3,696 degrees of freedom; 
nonsignificant. 
^R-square value of within dam sum of squares was .7957. 
^Year in data set, i.e., first, second, etc. 
^Regression coefficient + standard error. 
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Table 10. Analysis containing separate off-test weight 
regressions, for each breed and station&fbfC 
rmvariate Regression coefficient^ 
uovariate (Kg of gain/day/Kg of weight) 
Breed 
Berkshire .00773 + .00059 
Chester White .00862 + .00041 
Duroc .00889 + .00020 
Hampshire .00857 + .00022 
Landrace .00856 + .00054 
Poland China .00877 + .00061 
Spotted .00941 j- .00029 
Yorkshire .00969 + .00022 
Station 
Ames, Iowa .00011 + .00022 
Clarkson, Nebraska -.00044 + .00028 
Ida Grove, Iowa .00026 + .00026 
Lisbon, Iowa .00032 + .00025 
New Hampton, lowa -.00032 + .00025 
P-value was 3.19 when tested against separate breed re­
gressions with 4 and 3,686 degrees of freedom; significant at 
p<.05 level. 
^F-value was 4.92 when tested against separate station 
regressions with 7 and 3,686 degrees of freedom; significant 
at p<=01 level. 
^R-square value was .7978. 
^Regression coefficient + standard error. 
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factors kept. 
Separate analyses were run for each of the five remaining 
covariates including separate off-test weight regressions 
for each breed in each analysis, as well as for off-test 
weight squared (Table 11). On-test weight, mid-test weight 
and the deviations of each of these two weights from the 
average of the pen which included the pig were highly sig­
nificant factors. Off-test weight deviation from the pen 
average and off-test weight quadratic were not significant. 
While both on-test and mid-test weight had identical R-
square values, on-test weight was chosen as the second vari-
cJale to be included. Identical R-square values should 
have been expected as mid-test weight is the average of the 
on- and off-test weights and the variation due to off-test 
weight had been removed previously, 
ADG was then analyzed with separate off-test weight 
regressions plus separate on-test weight regressions for 
each breed, station, season and year (Table 12). Separate 
breed regressions gave a significantly better fit than using 
an overall on-test weight linear term, while separate 
station, season and year regression lines were highly sig­
nificant. But, the largest increase in the R-square value 
for any of the individual class regression models over the 
overall on-test weight regression analysis was only .00005, 
While the tests showed separate regressions gave better fits. 
Table 11. Analysis of separate off-test weight regressions for each breed 
with other covariates® 
Covariate 
Regression 
coefficient 
(Kg of gain/day 
Kg of weight) 
F-value^ R-square® 
Off-test weight by 
breed + 
Off-test-weight, 
quadratic 
OnT-test weight 
-.000012 + 
-.013478 + 
.000007 
.000050 
3.17 
73,544.64 
.7973 
.9903 
Mid-test weight -.026957 + .000099 73,544.64 .9903 
On-test deviation -.013469 + .000050 73,066.50 .9902 
Mid-test deviation -.026937 + .000010 73,065.88 .9902 
Off-test deviation -.383370 + .316282 1.47 .7972 
^Regression coefficient + standard error. 
^Degrees of freedom were 1 and 3,680. 
^R-square value of within dam sum of squares. 
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Table 12. Analysis of separate off-test weight regressions 
for each breed and separate on-test regressions 
for breed, station, season and year 
Covariate P-value R-square 
off-test weight by 
breed + 
On-test weight by breed 
On-test weight by station 
On-test weight by season 
On-test weight by year 
2.53* 
4.67** 
8.81** 
4.29** 
.9904 
.9904 
.9903 
.9904 
little additional variation was accounted for. Thus, 
separate regressions for breed, station, season and 
year were deemed unnecessary. Further regressions of 
AD6 were not conducted as less than 1% additional varia­
tion could be accounted for with additional covariates. 
The final regression coefficients used to correct ADG 
for the linear effects of on-test weight and the linear 
effects of off-test weight for each breed are shown in 
Table 13. The off-test weight regression coefficients 
indicate an increase in ADG as off-test weight increases. 
This agrees with work by Vangen (1974). The on-test weight 
regression coefficient, however, indicates a decrease in 
ADG as on-test weight increases. This is opposite the results 
of Drewry (1979) and Kuhlers et al. (1977b). The only apparent 
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Table 13. Regression coefficients used to correct ADG 
for weight factors 
Covariate Regression coefficient^ (Kg of gain/day/Kg of weight) 
On-test weight 
1 
-.01348 + .00005 
T 
Off-test weight 
by breed 
Berkshire .01325 + .00012 
Chester White .01302 + .00008 
Duroc .01365 + .00003 
Hampshire .01332 + .00004 
Landrace .01332 + .00011 
Poland China .01308 + .00012 
Spotted .01349 + .00006 
Yorkshire .01369 + .00004 
^Regression coefficient + standard error. 
explanation for this is that boars which ended the test 
period at heavy weights possibly started heavier. Thus, 
the regression coefficient is negative to counteract the 
adjustment made for off-test weight on all boars. 
The regression of ABF on probe weight was highly sig­
nificant. Similar findings are reported by Neely et al. 
(1979) and Kuhlers et (1977b). The regression coeffi­
cient was .0219 + .0006 and accounted for 25.4% of the within 
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dam variation. The heterogeneity of the probe weight re­
gression line across breeds, stations, seasons and years was 
also tested (Tables 14-17). Separate lines for each breed 
were appropriate (p<. 05), while separate regressions for 
each station, year and season did not give a significant 
reduction in the error sum of squares. The quadratic 
component for probe weight was significantly different from 
zero (Table 18), but was not detected heterogeneous 
across breeds. A cubic term was not included as it was 
felt that a cubic term would have limited biological 
interpretation. 
Table 14. Analysis of separate probe weight regressions for 
each breedBfb 
Regression coefficient,^ 
(Cm/Kg of weight) 
Berkshire .0260 + .0049 
Chester White .0195 + .0034 
Duroc .0225 + .0011 
Hampshire .0182 + .0014 
Landrace .0240 + .0040 
Poland China .0199 + .0050 
Spotted .0199 + .0019 
Yorkshire. .0248 + .0012 
^F-value was 2.28 with 7 and 3,690 degrees of freedom, 
significant at p<.05 level. 
^R-square value of within dam sum of squares was .2569. 
^Regression coefficient + standard error. 
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Table 15. Analysis of separate probe weight regressions 
for each station^'" 
Station Regression coefficient, (Cm/Kg of weight) 
Ames, Iowa .0231 + .0011 
Clarkson, Nebraska .0200 + .0017 
Ida Grove, Iowa .0222 + .0015 
Lisbon, Iowa .0175 + .0019 
New Hampton, Iowa .0230 + .0011 
F-value was 2.22 with 4 and 3,693 degrees of freedom. 
^R-square value of within dam sum of squares was .2555 
^Regression coefficient + standard error. 
Table 16. Analysis of separate probe weight regressions 
for each season^ 
Season Regression coefficient, (Cm/Kg of weight) 
Spring 
Fall 
.0229 + .0008 
.0208 + .0009 
^F-value was 2.79 with 1 and 3,696 degrees of freedom. 
^R-square value of within dam sum of squares was .2543. 
^Regression coefficient + standard error. 
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Table 17. Analysis of separate probe weight regressions for 
each year^fb 
Year c Regression coefficient, (Cm/Kg of weight) 
1 .0214 + .0020 
2 .0197 + .0019 
3 .0227 + .0013 
4 .0223 + .0013 
5 .0221 + .0011 
^F-value was .49 with 4 and 3,693 degrees of freedom. 
^R-square value of within dam sum of squares was .2541. 
°Coded as: 1 = Pall, 1973 + Spring, 1974; 2 = Fall, 
1974 + Spring, 1975; 3 = Fall, 1975 + Spring, 1976; 4 = Fall, 
1976 + Spring, 1977; 5 = Fall, 1977 + Spring, 1978. 
^Regression coefficient + standard error. 
Pen Effects 
The estimates of the sire and dam variances when pens 
are included and when ignored for each breed are shown 
in Table 19 for ABF and in Table 20 for ADG. When pens 
were not included in the model for the ABF analyses, sire 
variance increased from 9.2% to 140.1%. In the Duroc, 
Hampshire, Spotted and Yorkshire breeds, which had larger 
numbers of observations, the increases ranged from 9.7% to 
49.9%. Dam variance estimates changed more dramatically. 
Table 18. Analysis of separate probe weight linear and quadratic regressions 
for each breed® 
Linear® Quadratic^ 
(Cm/Kg of-weight) (Cm/Kg^ of weight) 
Berkshire .03368 + .00739 .00101 + .00071 
Chester White .01393 + .00466 -.00048 + .00039 
Duroc .01955 + .00115 .00022 + .00009 
Hampshire .01534 + .00150 .00003 + .00013 
Landrace .01665 + .00436 —.00069 + .00043 
Poland China .02267 + .00668 .00042 + .00061 
Spotted .01990 + .00227 .00058 + .00018 
Yorkshire .02201 + .00124 .00034 + .00010 
^F-value was 1.66 with 7 and 3,682 degrees of freedom. 
^R-square value of within dam sum of squares was .2616. 
"^Linear coefficient + standard error. 
^Quadratic coefficient + standard error. 
Table 19. Estimates of sire and dam variances for ABF 
Variances 
Sire Dam dCCU Pens 
included 
Pens not 
included 
% 
Change 
Pens 
included 
Pens not 
included 
% 
Change 
Berkshire .0099 .0114 +14.5 .0019 .0042 +122.0 
Chester White -.0077 .0050 +a -.0001 .0081 +a 
Duroc .0182 .0199 +9.7 .0027 .0037 +35.9 
Hampshire .0077 .0114 +47.7 .0009 .0037 +323.5 
Landrace .0038 .0092 +142.1 -.0030 .0042 +a 
Poland China .0223 .0243 +9.2 -.0022 -.0009 +59.1 
Spotted .0059 .0088 +49.9 .0027 .0059 +116.7 
Yorkshire .0185 .0217 +17.0 .0031 .0073 +132.3 
^Percent change not given due to negative variance component. 
Table 20. Estimates of sire and dam variances for ADG 
Variances 
Breed Sire Dam 
Pens 
included 
Pens not 
included 
% 
Change 
Pens 
included 
Pens not 
included 
% 
Change 
Berkshire -.00010 .00020 .00182 .00314 +72.7 
Chester White .00025 .00140 +465.3 .00072 .00261 +260.3 
Duroc .00048 .00149 +147.3 .00072 .00122 +69.2 
Hampshire .00056 .00148 +164.9 .00079 .00257 +226.6 
Landrace .00181 .00214 +17.8 -.00013 .00104 +a 
Poland China .00200 .00249 +24.3 -.00008 .00040 +a 
Spotted .00016 .00084 +414.9 .00098 .00284 +189.0 
York .00102 .00173 +69.2 .00066 .00307 +365.0 
^Percent change not given due to negative variance component. 
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increasing from 35.9% to 323.5%. The range of percentage 
increases considering the four larger breeds was also from 
35.9% to 323.5%. 
For ADG, estimates of sire variances increased from 
17,8% to 414.9% considering all breeds, and from 69.2% 
to 414,9% looking at only the four larger breeds. Dam 
variance estimates increased from 69.2% to 365.0% across 
all eight breeds and the four larger breeds as well. 
As both sire and dam variance estimates are generally 
much greater when pens are ignored, it appears that pen 
effects are relatively important. As Henderson (1975a) 
pointed out, however, the more fixed effects included in a 
model, the greater becomes the danger of ill-behaved equation 
estimates and of failure to recognize nonestimatability 
problems. 
A pen constitutes a group of two to four pigs from the 
same sire and occasionally all from the same dam, tested in 
a season-year at one station. So, pens are nested within 
sires, yet also within a station-season-year, and can be 
confounded with a dam. Thus, pens are not a distinct entity. 
Excluding pen effects from the model also reduces computation 
cost and effort as the number of pens is large. For these 
reasons, pens were not included in the analyses. 
gince the same data sets were used in each analysis and 
the results compared for changes rather than for actual values. 
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whatever bias exists should not greatly matter, as the 
ranking of the sires is not being examined, but rather how 
their prediction error variances change. 
Relationships 
The genetic relationships among all pigs in each breed 
were calculated and evaluated. The number of relationships 
across all station^season—year subclasses is shown in Table 
21 for each breed. A tie is defined as a nonzero genetic 
relationship between two animals If there are N related 
animals, then there are ^ relationship ties. Generally, 
the more pigs represented in the breed, the more total ties. 
The number of ties per pig was also generally greater in the 
breeds with more pigs as might be expected from the formula. 
The most notable exception to this was the Berkshire breed, 
which ranked seventh on number of pigs,- but- fourth on ties 
per pig. Ties per pig is actually the number of pigs an 
average pig is related to. 
The percentage of filled cells was also calculated by 
dividing the number of total ties by the number of total 
relationships possible if all pigs were related to each 
other. This measure appeared to be inversely related to 
breed size with the smaller breeds having a larger per­
centage of filled cells. Values ranged from a high of 22.8% 
for the Berkshires down to 2.0% for the Durocs. The maximum 
Table 21. General relationship information 
Number Number Ties % of Minimum Maximum 
Breed of of per filled ties per ties per 
pigs tie» pig cells pig pig 
Berkshire 175 3,471 39.7 22.8 1 78 
Chester White 493 4,800 19.5 4.0 0 53 
Duroc 3,179 103,284 65.0 2.0 0 223 
Hampshire 1,909 38,876 40.7 2.1 0 111 
Landrace 168 2,059 24.5 14.7 1 19 
Poland China 180 1,032 11.5 6.4 1 23 
Spotted 1,196 22,683 37.9 3.2 0 109 
Yorkshire 1,793 52,504 58.6 3.3 1 192 
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number of ties for a pig is listed in column 6, while the 
minimum is listed in column 7. These values ranged from 
0 to 223. A pig may be unrelated to all others if his 
sire and dam are unrelated to all other animals, and the 
penmates of the pig either died or had their records 
excluded from the analysis. 
The number of season-year's tied together with a 
station is shown in Table 22 by station. These ties are 
direct ties; i.e., a pig in station-season-year^j^ is related 
to a pig in station-season-year^^. For a breed represented 
in every station-season-year subclass, there are 45 possible 
ties in the Ames, Ida Grove and New Hampton stations while 
there are only 36 in the Lisbon and Clarkson stations as a 
season-year test group was cancelled in both of these 
stations. The Durocs, Hampshires and Yorkshires were repre­
sented in each station-season-year subclass and thus, could 
possibly tie together 207 [(3 x 45) + (2 x 36) = 207] 
season-years within station. Due to nonrepresentation in 
some station-season year subclasses, the remaining breeds 
and their number of possible season-year within station 
ties are: Berkshires, 119; Chester White, 183; Landrace, 
76; Poland, 116; Spotted, 198. 
The Durocs, Hampshires and Yorkshires tied together 
from 81% to 100% of the season-years within a station, 
averaging 96.6% and 94.7%, respectively, across the five 
Table 22. Percentage of season-years tied genetically within station 
Station 7 
Breed Ames Î3i Lisbon Clarkson New TOTAL Untied 
. Grove Hampton 
Berkshire 82 50 33 47 50 58.8 1.7 
Chester White 100 17 0 53 58 52.5 5.5 
Duroc 98 93 100 100 93 96.6 0.0 
Hampshire 100 100 89 81 98 94.2 0.0 
Landrace 80 70 20 20 100 63.2 2.6 
Poland China 80 14 32 0 10 43.1 6.0 
Spotted 93 64 47 42 76 66.2 0.5 
Yorkshire 100 87 100 92 96 94.7 0.0 
TOTAL 92 67 62 68 77 75.0 1.7 
^Number of no direct or indirect genetic ties. 
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stations. The percentages of season-years within a station 
tied together were much lower for the Berkshire, Chester White, 
Landrace, Poland China and Spotted breeds. Their respec­
tive averages across the five stations were 58.8%, 52.5%, 
63.2%, 43,1% and 66.2%. Values within a station ranged 
from 0 to 100%. 
Seasons-years within a station were also evaluated for 
indirect ties. A direct tie is when a particular season-
year has an animal with an ancestor common to an animal in 
a different season-year. An indirect tie is when station 
i and j are directly tied, as are station j and k, while 
stations i and k are not. An example of a direct versus 
an indirect tie is illustrated below with an arrow indi­
cating two animals (P^ and Pj) having a common ancestor. 
^"^111 ^"^112 ^"^113 
3 stations direct tied ^lilj *'^lllk 
S'^Yiii and S"Y^^2 
directly tied ^illl^ ^lllj " » 
^111£ " ^^lllk 
Using indirect ties, stations 111 and 113 can be com­
pared relative to 112, The percentage of season-years 
within station not tied either directly, indirectly or 
both are listed in column 8 of Table 22. Values range from 
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0.0% to 6.0% across all eight breeds. Since almost all 
season-years within a station are tied together for each 
breed, it appears that animals currently tested can be 
accurately compared with their predecessors through common 
ancestry. 
An important question which arises is which records 
must be included to aid in the evaluation of a set of boars 
just completing a test season. Table 23 lists the number of 
ties for the most current test season included in this 
analysis with the season-years before it for the Duroc, 
Hampshire, Spotted and Yorkshire breeds. 
As might be expected, the further back data is kept, 
the number of ties with pigs currently being tested in­
creases, but at a decreasing rate. The second column of 
Table 23 lists the percentage of ties with pigs currently 
being tested if that season-year and all others before it 
were stored, compared to nine previous season-years. Keeping 
the last nine season-years rather than the last six would 
add only 10% more ties. Keeping nine season-years rather 
than seven would add only 5% more ties. All nine season-
years were used in these analyses to utilize as many ancestral 
ties as available. For practical testing station use, how­
ever, it would appear that data from only the last six 
or seven season-years would need to be included in an analysis. 
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Table 23. Relationship ties of season-years 1-9 with 
season-year 10 across stations for Durocs, 
Hampshires, Spots and Yorks 
Season-year Number of ties 
% of 
total 
Cumulative 
% of total 
1 641 2.5 100.0 
2 736 2.8 97.5 
3 1,208 4.6 94.7 
4 1,587 6.1 90.1 
5 1,947 7.5 84.0 
6 3,225 12.4 76.5 
7 4,250 16.3 64.1 
8 5,734 22.0 47.7 
9 6,679 25.7 25.7 
Table 24 presents the number of ties between stations 
within a season-year. When a potential buyer of centrally 
tested boars evaluates the records on the boars to be 
sold, he is interested in boars tested in a particular 
season-year. Thus, the number of ties between stations 
in that season-year tells how well the boars in a certain 
station are evaluated relative to those in another. Column 
1 of Table 24 lists the percentage of all possible station 
ties within a season-year that each breed has actually tied. 
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Table 24. Percentage of stations tied genetically within 
a season-year 
Breed % Tied % Untied^ 
Berkshire 60 4 
Chester White 46 13 
Duroc 100 0 
Hampshire 97 0 
Landrace 42 14 
Poland China 10 26 
Spotted 74 2 
Yorkshire 99 0 
^Untied either directly or indirectly. 
The Durocs, Hampshires and Yorkshires all did well, tying 
100%, 97% and 94%, respectively. The Berkshire, Chester 
White, Landrace and Spotted breeds did not tie stations 
within season-years as well. The respective percentages 
are 60%, 46%, 42% and 74%. The Poland Chinas were the lowest 
in this area, tying together only 10% of the stations within 
a season-year. While the Berkshire and Poland China breeds are 
approximately equal in number, the Berkshire breed is known 
throughout the industry for .its linebrending, while Poland Chinas 
are not. Thus, Berkshires are generally more highly related 
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than Pland Chinas. The second column lists the number of sta­
tions within a season-year which were not tied either directly 
or indirectly. These values range from 0% to 26% of the 
possible season-year within station ties. 
In summarizing Tables 21, 22 and 24, it appears that 
the Duroc, Hampshire and Yorkshire breeds have season-
years within stations, stations within season years and 
station-season-year combinations well-tied. The Spotted 
breed appears intermediate, with the Berkshire, Chester White, 
Landrace and Poland China breeds are not nearly as well-
tied as the three larger breeds. Of the latter four breeds, 
the Berkshire tested boars appear to be the most related, while 
Poland China boars appear the least related. Based on the rela­
tionship information, the Berkshire, Poland China and 
Duroc breeds were analyzed under the PV, SSYD, MM and MMR 
procedures. These breeds represent a small breed with good 
relationship ties (Berkshire), a small breed with poor 
relationship ties (Poland China), and a large breed with 
the most relationship ties (Duroc). 
Prediction Error Variances 
The variance estimates fo£ ABF and ADG across all 
2 2 factors are .0813 cm and .0086 (Kg/day) , respectively. 
Within station-season-year, the respective variances are 
2 2 
.06986 cm and .00686 (Kg/day) . The within dam variances 
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for ABF and ADG for the Berkshire, Duroc and Poland China 
2 breeds are shown in Table 25. Variances of ABF in cm and 
2 ADG in (Kg/day) for the Berkshire, Duroc and Poland China 
breeds, respectively, are: .07836, .00616; .04439, .00498; and 
.07214, .00639. Weighted by the respective degrees of 
2 freedom, the average variance for ABF is .04583 cm and 
2 for ADG is .00495 (Kg/day) . These weighted average vari­
ances were used to estimate prediction error variances for 
the MM and MMR procedures across the three breeds. 
Table 25. Within dam variances for ABF and ADG in 
Berkshires, Durocs and Poland;Chinas 
J jjr Within dam variance 
ÂBF ÂDG-
Berkshire 41 .07836 .00616 
Duroc 1,924 .04439 .00498 
Poland China 55 .07214 .00639 
Weighted 
average 
2,020 .04583 .00495 
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Average backfat 
Tables 26^28 give the mean prediction error variances 
for the PVf SSYD, MM and MMR procedures for the Berkshires, 
Poland Chinas and Durocs, respectively. In all three breeds, 
the SSYD procedure decreased the estimated variance by 
14.1%. The results for the three breeds are the same, as 
all had the same PV variances and the same SSYD variances to 
five decimal places. The difference between the PV and SSYD 
procedure is that since the station-season-year subclass 
mean has been subtracted from the performance value, pigs 
are evaluated within a station-season-year subclass and the 
1 
variance of those estimates is a (1 - g) times the variance 
within a station-season-year. Since the within station-
season-year variance is substantially less than total vari­
ance for A3F, the variance of the estimates is less. 
Predicting performance of boars under the MM procedure 
drastically reduced the variance of the estimate in all 
three breeds for ABP. In the Berkshire breed, the prediction 
error variances obtained from the inverse were 59.3% less 
than those of the SSYD procedure, while the prediction error 
variances from the iteration routine were 63.3% smaller 
than those under SSYD. Similar reductions of the error 
variance of prediction appeared in the Poland China breed, 
at 61.0% and 63.7%, respectively. 
The prediction error variances from the iterated procedure 
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Table 26. Prediction error variances for ABF and ADG of 
Berkshires 
Method' Trait ABF. ADG 
PV 
SSYD 
MM, inverted 
MM, iterated 
MMR, inverted 
MMR, iterated 
.08125 
.06987 
.02844 
.02565 
.02360 
.01939 
.00864 
.00686 
.00163 
.00160 
.00131 
.00112 
PV = performance value, SSYD = station-season-year 
deviation, MM = mixed model and MMR - mixed model with 
relationship inverse included. 
Table 27. Prediction error variances for ABF and ADG of 
Poland Chinas 
Method' Trait ABF ADG 
PV 
SSYD 
MM, inverted 
MM, iterated 
MMR, inverted 
MMR, iterated 
.08125 
.06987 
.02722 
.02537 
.02450 
.01941 
.00864 
.00686 
.00162 
.00159 
.00141 
,00113 
PV = performance value, SSYD = station-season-year 
deviation, MM = mixed model and MMR = mixed model with 
relationship inverse included. 
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Table 28. Prediction 
of Durocs 
error variances for ABF and ADG 
Method® Trait 
ABF ADG 
PV .08125 .00864 
SSYD .06987 .00686 
MM .02307 .00151 
MMR .01346 .00076 
^PV = performance value, SSYD = station-season-year 
deviation, MM = mixed model and MMR = mixed model with 
relationship inverse included. 
do not appear greatly different from those obtained by 
inversion for both MM and MMR in the Berkshire and Poland 
China breeds. Thus, either procedure appears to give 
approximately the same result, realizing that the pre­
diction error variances obtained from inversion are exact, 
while those from iteration are approximate. For larger 
breeds such as the Durocs, iteration is a much more 
economical procedure to use than is inversion. Solutions 
and prediction error variances for larger breeds there­
fore appear to be satisfactorily computed using iteration. 
Only iteration was utilized in the Duroc breed due to 
the great number of animals represented. The MM procedure 
resulted in a lowering of the prediction error variance by 
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67% compared to SSYD. 
The MM procedure evaluates boars within a breed as 
well as within a station-season-year. Thus, the error 
variance applied is free of both effects and consequently 
smaller than that applied in the SSYD procedure. Also, 
breeding values are solved for each pig by adding the 
ratio of —^ to the diagonal elements of Z'Z before solving 
^s 
which will reduce prediction error variance of thè .boars. 
The MMR procedure, which included the relationship 
matrix, reduced prediction error variance for ABF in the 
Berkshires by 17.0%, comparing inverted MMR with inverted 
MM. Under iteration, MMR prediction error variance is 
24.4% less than MM. Inverted MMR prediction error variance 
in Polands for ABF was 10% less than inverted MM, while 
iterated MMR figures were 23.5% less than iterated MM 
values. The reduction of the error variance of prediction 
comparing MMR with MM in Durocs was more dramatic; 41.7% 
lower for MMR. 
These values are generally equal to or higher than 
those found by Kennedy and Moxley (1975), Pollak et al. 
(1977) and Tong et (1980). However, their analyses 
involved sires which had averages of 65.6, 34.1 and 27.3 
progeny per sire. 
Since individual breeding values based on one record 
are being predicted in this analysis, the percentage of 
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information added to an animal by including relationships 
is much higher than in a typical sire evaluation. Thus, 
the decreases in the prediction error variance by including 
the relationship matrix should be at least as large as 
those of a sire analysis. Also, Kennedy and Moxley (1975) 
reported that the maximum number of sires any particular 
sire was related to was 16. The maximum numbers for Berk-
shires, Durocs.and Poland Chinas, respectively, were 78,223 
and 23, respectively with respective averages of 39.7, 65.0 
and 11.5. Thus, including the relationship matrix in this 
analysis tied more records to a particular animal than did 
the study by Kennedy and Moxley (1975). That study had 
11.3% of all possible relationship ties filled, while the 
Berkshire, Duroc and Poland China figures, respectively, 
were 22.8%, 2.0% and 6.4%. 
The relationship structure of Berkshires versus Poland 
Chinas also explains the greater decrease in error vari­
ances of prediction for Berkshires than for Pland Chinas, as 
well as for the greatest increase in the Durocs when the 
relationship matrix is included. 
The prediction error variances under the inverted and 
iterated procedures for both MM and MMR in Berkshires and 
Poland Chinas are fairly close. The two procedures are equal 
if all off-diagonal elements are zero. How far apart-the 
two procedures lie, thus, depends on the number and magnitude 
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of the off-diagonals relative to the size of the diagonals. 
As the relationship matrices used here undoubtedly have 
smaller diagonals and larger and more numerous off-diagonals 
than those of a cattle sire analysis, the prediction error 
variances from inversion will not be as close to those from 
iteration as found by Ufford et (1979), 
Average daily gain 
The SSYD procedure had a lower average prediction error 
variance than did PV by 20.6% in all three breeds. This is 
a larger value than the similar comparison for ABF. Since 
ADG has a lower heritability than ABF, however, it follows 
that a greater percentage of the total variation in ADG is 
due to environmental factors than is the case for ABF. Hence, 
eliminating environmental factors should reduce the variance 
of the estimate by a greater amount for ADG. 
•The HDi procedure using inversion reduced the variance 
of the estimate by 76.2% in Berkshires over SSYD. The re­
duction in MM over SSYD with the iteration procedure in 
Berkshires was 76.7%. MM inversion and iteration reductions 
compared to SSYD for Poland Chinas were 76.4% and 76.8%, 
respectively. For Durocs the reduction in average variance 
of the prediction using MM versus SSYD was 78.0% for ADG. 
Again, the analytical procedures of MM result in a much 
more accurate estimate of breeding values. Also, ADG 
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should be expected to show a greater reduction than does 
ABF. 
Prediction error variance for MMR in Berkshires were 
19.6% and 30.0% less than MM for inversion, and iteration pro­
cedures, respectively. Inversion and iteration routines for 
ADG in Poland Chinas produced 13.0% and 28.9% smaller mean 
error variances of prediction, respectively, for MMR than 
for MM. The reduction in Durocs was 49.7%. 
While these reductions may seem rather large compared 
to results of Kennedy and Moxley (1975) , Pollak ejk al. 
(1977) and Tong et a2. (1980), each animal in this analysis 
has considerably more relatives with information included 
in the analysis than in those studies. 
The larger reduction for ADG, as compared to ABF, is 
best attributed to the difference in heritability of the 
traits. A trait with a lower heritability, such as ADG, 
benefits more from including information on relatives than 
does a more highly heritable trait, such as ABF. 
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SUMMARY 
Covariate Analyses 
1. Both on-test and off-test weight appear to in­
fluence a boar's daily weight gain. 
2. Separate adjustment values for the effect of 
off-test weight on ADG are needed for each breed. 
3. The weight at which a boar is probed influences 
the amount of backfat measured. Separate and adjustments 
are needed for each breed and a quadratic adjustment 
m^y also be required. 
Relationship Structure 
1. Generally, boars within each breed were more 
highly related than are sires in a cattle analysis. As one 
would expect, larger breeds have more relationship ties 
than SIT,aller breeds. 
2. Breed differences appear evident within size groups. 
Berkshires, Landrace and Poland China breeds had a similar 
number of observations, but the Berkshires had many more 
ties than the Pola,nds, with the Landrace intermediate. In 
the breeds with larger numbers, Durocs and Yorkshires were 
more strongly tied than Hampshires or Spots. 
3. Station ties within a season-year and season-year 
ties within a station were generally strong for the larger 
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breeds and not as strong for the smaller breeds. The Berk-
shires were the most notable exception to this, tying 
station-season-years together rather well. 
4. The last six or seven station-season-years are 
probably all that are needed to include the needed amount 
of ancestral performance information on boars currently 
being tested. 
Prediction Results 
1. The PV procedure has by far the highest mean vari­
ance as no effects or variation are removed and no infor­
mation on relatives is included. 
2. The SSYD reduces the error variance of an estimate 
by an average of about 14% as boars are evaluated within a 
station-season-year. 
3. Prediction error variances are dramatically reduced 
when the MM procedure is used^ compared to the Pv or SSYD 
procedures. More effects are removed and boars are evaluated 
on a breeding value basis. 
4. The MMR procedure produced the lowest average pre­
diction error variances. Adding the relationship matrix 
to the model provides an evaluation of a boar based on his 
own performance plus information from his relatives, properly 
weighted for the genetic relationship between the two animals 
and the heritability of the trait. Also, station-season-year 
subgroup differences are accounted for due to genetic ties. 
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5. Of the four procedures evaluated, PV appears to 
be the poorest to use, based on mean error variance of 
the estimates. The SSYD, recommended by NSIF, appears 
to be an improvement over PV, but is far inferior to MM and 
MMR. While the MM and MMR procedures give far more accu­
rate estimates, they do involve more complex computing 
procedures and thus greater costs. In light of the im­
portance of accuracy of selection, however, it appears 
that the MM and MMR procedures cannot be overlooked as long 
as the cost is reasonable. 
Test Station Use 
1. Since the MMR procedure gives the most accurate 
estimates of the procedures evaluated, it appears that 
swine testing station directors should seriously consider 
evaluating boars under the MMR procedure. 
2. A national effort to centralize collection of 
records and coordinate testing dates would appear highly 
beneficial. Centralization of records for processing 
would further reduce prediction error variances as more 
relationships would be included. Without central processing, 
it is doubtful that an individual station can afford the 
extra computation cost. Coordination of testing dates would 
reduce costs also as fewer computer runs would be required, 
and e^ch tested boar would have as many relationship ties 
as possible. 
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